Abstract: Mark-release-recapture studies with anopheline mosquitoes were conducted 2 times in Northern Thailand in October and November 1995. In the first experiment, 3,744 females of 12 anopheline species were collected, marked and released to examine flight distances. The mosquitoes were recaptured at 5 sites with di#erent distances from the release site (60, 400, 1,000, 2,000, and 2,700 m) by human and bu#alo bait collections for 4 days. The recapture rate of the 5 major anopheline species ranged from 0.72 to 1.23῎. The recapture rate of An. aconitus, the dominant species of the study area, was 0.92῎ and 3 marked An. aconitus were recaptured at 2,700 m away from the release site. In the second experiment, a total of 9,374 females of 11 anopheline species were released to estimate the daily survival rate of An. aconitus and confirm flight distance. The recapture rate of An. aconitus was 1.46῎ and An. aconitus (1), An. minimus (1), An. tessellatus (1) and An. hyrcanus gr. (7) were recaptured at 2,700 m distant from the release site. The survival rates of An. aconitus were estimated as 0.618 and 0.624/day by the modified triple catch method and log-regression analysis, respectively. Degree of anthropophily was evaluated by the ratios of human to bu#alo landing rates of released anopheline species. Based on flight distance, survival rate and degree of anthropophily, the vector competence of An. aconitus is discussed.
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Flight distance and survival rate of vector mosquitoes are important population parameters to understand transmission dynamics and the spread of diseases they transmit (Macdonald, 1957; Gillies, 1988; Black and Moore, 1996; Clements, 1999) .
Mark-release-recapture studies have been widely used to estimate these parameters and many studies have been conducted (Service, 1993) . Among Asian malaria vectors mark-release-recapture studies have been made for Anopheles balabacensis Baisas (Hii and Vun, 1985; Hii et al., 1990) , An. culicifacies Giles (Rawlings et al., 1981; Reisen et al., 1980 Reisen et al., , 1982 , Anopheles maculatus Theobald (Loong et al., 1990) , An. minimus Theobald (Nutsathapana et al., 1986; Tsuda et al., 2000) , An. stephensi Liston (Reisen and Aslamkhan, 1979; , and An. subpictus Grassi (Reisen et al., , 1982 .
Because the recapture rate of anopheline mosquitoes so far studied was ῍10῏ in most cases (Service, 1993) , thousands of adult mosquitoes are necessary for markrelease-recapture studies especially on flight distance. However, it is easy to collect a large number of anopheline within a short period in specific areas of Northern Thailand. Ban Mae Mok, Lampang Province, Northern Thailand is one specific area with a high density of An. aconitus Doenitz. In our preliminary surveys at Mae Mok, 200ῌ300 females of An. aconitus per man per night were collected during the peak season from October to November. The observed density was nearly 100 times higher than observed in Mae Taeng, Chiangmai Province, Northern Thailand (Takagi et al., 1995; Tsuda et al., 2000) , so this area was selected for population studies on An. aconitus.
Several di#erent analytical methods have been proposed for the estimation of daily survival rates from the results of mark-release-recapture of mosquitoes (Service, 1993) . It is better to use more than one method and compare the estimated values for a more reliable estimation of daily survival rates. Although it is often assumed that emigration of released mosquitoes outside the study area is negligible, the daily loss of released mosquitoes usually includes death, emigration and removal by sampling. However, if the recapture area covers the whole flight range of released mosquitoes, the emigration rate can be neglected. Therefore, in the present study we repeated a mark-releaserecapture experiment two times and the flight distances of released mosquitoes were estimated in the first experiment. Based on the results of the first experiment, the second mark-release-recapture experiment was conducted to estimate the daily survival rate of released mosquitoes. Two di#erent estimation methods of daily survival rate, the triple catch method and the log-regression analysis, were applied to the results of mark-release-recapture of unfed mosquitoes in this study. Estimation of survival rate was also made for fed mosquitoes using Saul's method (Saul, 1987) .
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Study area
The mark-release-recapture experiment was carried out 2 times at Mae Mok (17῎35῍46.50῍῍N, 99῎19῍54.60῍῍E), Lampang in Northern Thailand about 150 km south-east of Chiangmai City in October and November 1995. The study area was located in a shallow valley and included 3 small villages along the stream (Fig. 1) . A preliminary survey for malaria vectors in this area showed that the density of An. aconitus was high and this area was suitable for population studies on mosquito species. The main breeding sites of An. aconitus, swamps, rice fields and ponds (Reid, 1968; Ramachandra Rao, 1981) , were located along the main stream of the study area.
Experiment 1 (estimation of flight distance) Mosquito collection and mark-release Mosquitoes used for mark-releaserecapture were collected at 5 sites for 3 successive nights using human and bu#alo bait. At each collection site 2 collectors sat together and hourly collected mosquitoes landing on their legs by aspiration with 15 min breaks from 18 : 00ῌ 24 : 00 hr. The same bu#alo net (double net) used by Tsuda et al. (2000) was used in the bu#alo bait collections. Mosquitoes trapped between the inside and outside walls of the net were collected hourly for 15 min from 18 : 00ῌ24 : 00 hr. The collected mosquitoes were kept in plastic cups with a cotton pad soaked in 5῏ sugar solution on the top and identified to species the next day with taxonomic keys by Peyton and Scanlon (1966) , and Harrison (1980) . Identified mosquitoes were kept together in 10 cages (20ῌ20ῌ 30 cm) with cotton pads soaked with a 5῏ sugar solution until the day of release. All mosquitoes of 13 anopheline species collected were used in the experiments. The mosquitoes were sprayed with 0.5ῌ water solution of Rhodamin B at 2 hr before release. At 17 : 00 hr on 25 October 1995, cages of marked adult mosquitoes were carried to an area surrounded by grass (50ῌ70 cm height) under a tree canopy, placed on the ground and kept open for 3 hr. The cages were removed and the number of remaining and dead mosquitoes recorded to determine the total number of released mosquitoes.
Recapture of mosquitoes
Recapture of mosquitoes was started on the day of release and continued for 4 days. To examine the flight distance of released mosquitoes, 5 sites (A, B, C, D, and F in Fig. 1 ) at di#erent distances (60 to 2,700 m from the release site) were selected along the main stream. Since surrounding environmental conditions of the collection sites a#ected the number of recaptures (Tsuda et al., 2000) , sites in flat areas with similar environments, i.e. sparse area beside trees, were selected as recapture sites. Mosquitoes were collected by using human and bu#alo bait in the same manner as described above. Collected mosquitoes were kept in plastic cups, killed the next morning and identified to species. Identified mosquitoes were placed on a filter paper, rinsed with a few drops of 95ῌ ethanol and checked for color markings under a UV lamp.
Experiment 2 (estimation of daily survival rate) Mosquito collection and mark-release Mosquitoes were collected 1 day before release at 2 sites (C and D in Fig. 1 ) from 18 : 00 until 6 : 00 hr with human and bu#alo bait. In addition to the bait collec- tions, unfed mosquitoes resting on the grass surrounding the bu#alo net were collected hourly from 18 : 00 to 6 : 00 hr. For bu#alo bait collections 2 di#erent bu#alo nets (single net and double net) were used, with fed mosquitoes collected from the inside wall of the single net. After identification of the collected mosquitoes, fed mosquitoes were marked with 0.7῍ of blue AFX mixed with 0.5῍ of Whitex (Sumitomo Chemical Co., Tokyo). Unfed mosquitoes collected from the double net were separated into 2 cohorts, marked with 2 di#erent colors and released on the 2 successive days. The first cohort was marked with 0.5῍ of Rhodamin B (red color) and the second cohort with 0.5῍ of Yellow (Sumitomo Chemical Co., Tokyo). The same releasing site as Exp. 1 was used and the first cohort was released on 2 November 1995. The second cohort was released around 17 : 00 hr on 3 November 1995 before starting recapture for that day.
Recapture was started on the day of release and continued for 7 days to estimate daily survival rate. Because marked mosquitoes were not recaptured at site A in Exp. 1, site E was selected instead of site A. Human and bu#alo bait collections were made at 5 sites (B, C, D, E and F in Fig. 1 ) in Exp. 1.
Estimation of daily survival rate
Three di#erent methods were used to estimate survival rate of released An. aconitus. The log-regression method (Service, 1993 ) and triple catch method (Seber, 1982) were applied for unfed mosquitoes, and Saul's equation method (Saul, 1987) was applied for fed mosquitoes. All statistical analyses were performed with the statistical software Systat (Wilkinson, 1996) .
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Recapture rate and flight distance Total number of released and recaptured mosquitoes and recapture rate are summarized in Table 1 for the 13 species used in this study. In Exp. 1, a total of 3,744 mosquitoes were released and 0.56῍ (21 mosquitoes) recaptured during 4 days. Recapture rate calculated for each species ranged from 0 to 1.23῎. The di#erences in recapture rate was not significant among the 5 species in which at least 1 marked mosquito was recaptured (chisquareῌ0.35, pῌ0.99). Ten out of 1,082 (0.92῎) An. aconitus were recaptured at 4 sites including the farthest recapture site, 2,700 m from the release site (Table 2) . Little is known about the dispersal ability of An. aconitus but a distance of one kilometer was reported by Ramachandra Rao (1981) and Nagpal and Sharma (1995) . The over all recapture rate in Exp. 2 was calculated as 1.65῎ (155/9,374). Di#er-ences in recapture rate among species was not significant for the red cohort (released on the first day, chi-squareῌ0.70, pῌ0.95) and blue cohort (fed females, chi-squareῌ 7.55, pῌ0.11), but significant for the yellow cohort (released on the second day, chi-squareῌ41.36, p῍0.00001).
Di#er-ences in the recapture rates among 3 cohorts of An. aconitus was significant (chi-squareῌ139.73, p῍0.00001), and the red and blue cohorts showed the lowest and the highest recapture rates of 0.87 and 10.2῎, respectively.
Average flight distance of recaptured females is presented in Table 2 . Because the average flight distance of recaptured females as well as maximum flight distance depends on the design of the experiment, especially the number and distribution of recapture sites and the length of recapture period, the results from di#er-ent experiments are usually not comparable and should be carefully considered for comparison. In our study, the recapture sites and length of recapture period were di#erent between the 2 experiments. The average flight distance of recaptured An. aconitus was calculated as 1,082 m and 251 m in Exp. 1 and 2, respectively. The di#erence in the average values is partly ascribed to the use of recapture site E instead of site A in Exp. 2. Site E was located 110 m away from the release site whereas site A was 2,000 m. Therefore, many females were collected at Site E and the average distance of recaptured females was shorter in Exp. 2.
Species di#erences in average distance of recaptured females observed in Exp. 2 suggest ecological or behavioural di#er-ences among anopheline species. The distribution of recaptured An. aconitus among 5 recapture sites was significantly di#erent from the other 5 species (Table 2) (Mann-Whitney U test, p῍0.05). Di#er- 
Daily survival rate
The log-regression was significant for the red cohort (log (nῌ1)῏῍0.471xῌ3.09, r 2 ῏0.91, where n is the number of recaptures and x is the days post-release), and the daily survival rate was estimated as 0.624. From the number of recaptured An. aconitus on day 1 (Table 3) , the Lincoln index was calculated and the number of red An. aconitus surviving and remaining in the study area on day 1 estimated as 3,690 (῏615῎18/3). The survival rate of the red cohort from day 0 to day 1 was estimated as 0.618 (῏3,690/5,968). These estimated daily survival rates were lower than other Asian malaria vectors so far studied (Kiszewski et al., 2004) , An. culicifacies (Reisen et al., 1980 (Reisen et al., , 1982 , An. balabacensis (Hii and Vun, 1985; Hii et al., 1990) , An. maculatus (Loong et al., 1990) , An. subpictus and An. stephensi (Reisen and Aslamkhan, 1979; ). Saul's method assumes that fed mosquitoes never bite one day after feeding. However, 3 blue colored An. aconitus were collected on day 1 (Table 3 ) so Saul's method was not applicable. Clements (1999) reported that anopheline females bite again on the following day when the amount of the first blood meal is not large enough). Therefore, fed mosquitoes collected from the bu#alo net in this study may include both fully-engorged and partially-engorged females, so the underlying assumptions of Saul's method were not fulfilled.
Host preference of released anopheline
Total number of recaptures on bu#alo and human bait was summarized for 6 anopheline species identified in the present study (Table 4) . Because recapture method was the same for these species, it is possible to compare the degree of anthropophily from the ratio of the number of recaptures on humans to that on bu#alo. The di#erence between An. aconitus and An. minimus was significant (Fisher's exact test, p῍0.02), and An. aconitus was more zoophilic as reported in previous studies (Reid, 1968; Ramachandra Rao, 1981; Trung et al., 2005; Tsuda et al. 2000) .
The results of present study suggest the vector competence of An. aconitus is low because of their low survival rate, lower flight activity and zoophily. However, an infected An. aconitus was recorded from Central Thailand (Gould et al., 1967) , so the possibility of malaria parasite transmission by this species still remains because their density in this area was exceptionally higher than other areas of Northern Thailand. 
